had spinal fractures at more than one level. 23 patients had complete, 7 had incomplete, and 2 had no neurological deficit. 30 patients required multiple modalities of radiological imaging (in addition to plain radiography) for diagnosis. 20 patients sustained other injuries apart from spinal fractures, 15 of them had associated chest injuries. Conclusion. High-velocity fractures of the upper thoracic spine are injuries with devastating consequences, and can result in severe neurological deficit and concomitant injuries. These patients are best treated by a multidisciplinary approach.
INTRODUCTION
The thoracic spine is the only spinal area to display kyphosis, whereas the other segments display lordosis. 1 The spinal cord, in the thoracic region, occupies up to 50% of the available space compared with 35% in the upper cervical segment. 2 This arrangement makes the thoracic segment the narrowest canal relative to the size of the cord, with the remaining space being filled with cerebrospinal fluid, epidural fat, and dura mater. As a result, the spinal cord is particularly susceptible to any conditions that may decrease the lumen of the thoracic canal. 3 The vertebral column receives segmental arteries that anastomose with the spinal arteries. In a study of 35 cadavers, Dommisse 4 reported an average of 8 anterior and 12 posterior vessels. The number and arrangement of these vessels is not consistent in the thoracic spine and may result in insufficient collateral circulation in this area. 5 Thus, patients who have survived trauma to the thoracic spine area may suffer decreased or arrested perfusion of the thoracic cord, and possibly paralysis.
The ribs and sternum stiffen the thoracic spine against rotatory forces by increasing the moment of inertia. 6 Dorr et al. 7 argued that it was the rib cage and the strong costovertebral ligaments that provided stability during the setting of thoracic vertebral fractures and dislocations. Thus, an injury to the thoracic spine with multiple rib fractures should be regarded as unstable.
In 1985, Bohlman 8 suggested a threefold explanation for the role of the upper thoracic spine in trauma. Firstly, a considerable force is needed to produce fractures or dislocations in this area because of the stiffness of the spine. Secondly, injuries are frequently associated with spinal cord damage because of the relatively narrow space of the spinal canal in the upper thoracic spine. Thirdly, most of the osseous injuries occur in flexion and axial loading because very little rotatory motion occurs in the upper thoracic spine, which is buttressed by the rib cage.
The thoracic spine is associated with up to 20% of traumatic, non-pathological vertebral fractures. 9 Ten percent of all thoracic spine fractures are linked with spinal cord injury, 10 but the number is greater in high-velocity trauma. Additional spinal fractures are associated with up to 17% of thoracic spine fractures and are often found at non-contiguous levels. 11 Misdiagnosis of this second level of injury can result in the major clinical extension of the neurological deficit. 9 Thoracic spine fractures have conventionally been seen to occur frequently in patients with severe multiple trauma. 12 These fractures and dislocations of the upper thoracic spine are often associated with high velocity and considerable impact. 6 The most common cause of fractures of this type is traffic accidents, 13 and the most commonly affected area is T4 to T7. Five percent of all motorcycle accidents result in thoracic spine injuries. 14, 15 Clinically, the patient may exhibit no spinal tenderness. In plain radiography, it is necessary to adequately visualise the cervicothoracic junction. In addition to the use of anteroposterior and lateral thoracic spine films, full cervical spine radiographs (anteroposterior, lateral, and open-mouth views), and a swimmer 's view may be necessary. A plain radiograph of the chest performed primarily for the soft tissues does not display the area well. However, it may reveal 2 important signs of upper thoracic spinal trauma. Firstly, the presence of a haemothorax was reported in 36% of cases by Dorr et al., 7 and its presence can serve as a key indicator of thoracic spine fractures. Secondly, a chest radiograph may reveal mediastinal widening, which may be caused by aortic trauma or a fracture of the upper thoracic spine; hence, its presence would again indicate thoracic spinal trauma. 5 Computed tomography (CT) is considered the method of choice for the investigation of bony injuries of the thoracic spine because it allows visualisation of unsuspected neural arch fractures and the bony dimensions of the spinal canal. 16 
MATERIALS AND METHODS
Between February 1995 and March 2001, a total of 1249 patients were admitted to our tertiary referral spinal unit at Mater Misericordiae Hospital in Ireland. 235 of the 1249 patients had injuries in the thoracic spine; and of these 235 patients, 77 had fractures in the upper thoracic spine (T1-T6). 32 of the 77 patients underwent surgery for upper thoracic spinal fractures. The remaining 45 patients who sustained low-velocity, minor wedge, and osteoporotic fractures did not exhibit any neurological deficits (Table 1) .
In this study, the 32 patients (26 men and 6 women) who underwent surgery for fractures of the upper thoracic spine (T1-T6) were retrospectively reviewed. Parameters of the injuries and treatment methods of the patients were evaluated.
RESULTS
The mean age of the 32 reviewed patients was 24 (standard deviation [SD], 11; range, 15-61) years. The mean age of the male patients was 28 (SD, 12; range, 16-61) years and that of the female patients was 26 (SD, 9; range, 15-38) years. Of the 32 patients, 29 were injured in traffic accidents (15 motorcycle and 14 vehicle), 2 in falls, and one by a heavy door falling on his back.
The mean duration of in-patient stay was 18 (SD, 11; range, 4-60) days, including one patient who stayed in the hospital for 60 days. This 16-year-old man underwent additional exploratory surgery for a right brachial plexus lesion. Excluding this patient, the mean duration of in-patient stay was 16 (SD, 7; range, 4-33) days. 29 (91%) of the 32 patients were discharged to our affiliated rehabilitation hospital for further rehabilitation treatment. One patient who died in hospital at day 21 also had an intimal tear of the aorta, bilateral haemothoraces, a fractured ankle, and a fractured patella. The remaining 2 patients were discharged home after 10 and 14 days, respectively, and except for the spinal injuries, neither of them had any neurological deficit. One patient committed suicide at 9 months after discharge.
Spinal fractures at more than one level occurred in 29 (91%) patients, which included multiple fractures in the proximal (cervical) and distal (T1-T7) levels, and multiple fractures within the upper thoracic spine. The remaining 3 patients had single, isolated, burst fractures, with complete neurological deficit. The level of the spine injured in these 3 patients was at T2, T4, and T6, respectively ( Table 2) .
Of the 32 patients, 23 (72%) were diagnosed with complete neurological deficit, 7 (22%) patients had incomplete neurological deficit (ie any motor or sensory sparing distal to the level of injury), and 2 (6%) male patients had no neurological deficit. The Frankel grading of the 32 patients was 23 in A, 2 in B, 4 in C, 1 in D, and 2 in E. The mean American Spinal Injury Association (ASIA) motor score of the 30 patients with neurological deficit was 49 (range, 20-50) [normal=100], whereas the mean ASIA total sensory score (light touch and pin prick) was 99 (range 40-156) [normal=224]. Five of the 7 patients with incomplete neurological deficit showed an improvement in their neurological status. No notable correlation between neurological recovery and the type of surgery performed was found in this series. None of the patients who had complete neurological deficit recorded any improvement in their neurological status ( Table 2 ).
The surgical indication of all 32 patients was bony instability. Burst fractures occurred in 20 (63%) patients and computed tomographic imaging showed extensive retropulsion, whereas 10 (31%) patients had fracture dislocations, and the remaining 2 (6%) patients had both conditions. The policy of our unit is to decompress and fix all spinal fractures with any neurological deficit as early as possible in order to maximise the chances of spinal cord recovery, and to allow quicker and more progressive rehabilitation where feasible. The remaining 45 of the 77 patients with fractures of the upper thoracic spine had neither neurological deficit nor clinical or radiological signs of instability and were treated conservatively.
The methods of fixation used to treat the 32 patients were dictated by the preference of the surgeon. The main goal of the surgical treatment is to achieve stability of the fracture that facilitates nursing and early rehabilitation. 29 (91%) of the patients were treated via a posterior approach, whereas the other 3 (9%) had a thoracotomy. Patients with neurological deficit also underwent decompression after having been stabilised posteriorly. Posteriorly applied implants allow correction of the translational deformity and can be distracted to restore height loss anteriorly, thereby correcting the kyphotic deformity. This distraction could provide some measure of anterior decompression especially in patients with considerable thoracic trauma where thoracotomy may not be indicated. No implant failure was found, and the only major complication recorded was in a patient who had a wound abscess that required incision and drainage under general anaesthesia.
Plain radiography and CT of the thoracic spine was performed on all 32 patients, and 20 (63%) of them also had magnetic resonance imaging (MRI). The thoraces of 17 (53%) patients were scanned using CT, and 4 (13%) were examined using arch aortograms. Seven (22%) patients had their abdomens evaluated using CT, whereas 5 (16%) were examined with ultrasound scanning. A CT of the brain was performed 4  T  6  T  -5  C  6  T  ,  3  T  5  T  ,  3  T   5  T  ,  4  T  7  T  ,  6  T  5  T  ,  3  T  6  T  ,  5  T   1  T  ,  7  C  6  T  ,  5  T   9  T  -4  T  5  T  ,  4  T   6  T  -1  T  4  T  ,  3  T  2  T  4  T  ,  3  T   6  T  -4  T  ,  2  C  6  T  -3  T   8  T  -4  T   7  T  -5  T  ,  2  C  7  T  -5  T  6  T  6  T  ,  5  T  6  T  -4  T  5  T  ,  4  T  4  T  ,  3  T  ,  7  C  6  T  ,  5  T  6  T  ,  7  C  -5  C  1  1  T  , neurological deficit. This suggests that the sternumrib complex might protect the upper thoracic spine from fractures.
Fractures of the upper thoracic spine caused by high-velocity impact represent a devastating array of both intraspinal and extraspinal injuries resulting in severe neurological deficit, which can exert a heavy burden on the rehabilitation services. The concomitant injuries may not be apparent on initial presentation and diagnosis of occult and potentially life-threatening injuries requires a multidisciplinary team approach within a general hospital incorporating surgical, anaesthetic, and radiological staff, ideally coordinated by the orthopaedic/spinal trauma team. Of particular importance is the on-site presence of senior anaesthetic
